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This report  contains information prepared by the  Heliotek 
Division of Textroq Incorporated, under JPL Subcontract. 
Its content i s  not necessar i ly  endorsed by the  J e t  Pro- 
pulsion Laboratory, California I n s t i t u t e  of Technology, 
o r  the  National Aeronautics and Space Administration.. 
ABSTRACT 
This document repor t s  technica l  progress i n  a program t o  
develop an Integrated Lightweight Flexible  S i l i con  Solar  
Cell Array. The work reported herein was performeS1 a t  
Heliotek, Sylmar, Cal i fornia  during t h e  periad Janqary 1, 
1970 and Apri l  1, 1970. 
t o  develop design data  which w i l l  contr ibute  t o  reduced 
cost  and weight cha rac t e r i s t i c s  f o r  lightweight,, f l e x i b l e  
s d a r  c e l l  arrays.  
The purpose o f  the  program i s  
This t h i r d  quar te r ly  report  includes: 
a. Cost Effectiveness Comparison of solgr eel1 
coverglasses including copventional p lg t e l e t ,  
i n t eg ra l ,  and ribbon concepts. 
b. Interconnector f lexure / tens i le  and thermal 
cycling study. 
c. Wraparound interconnected module manufacturing 
f e a s i b i l i t y  and Cost study. 
SUMMARY 
The objective of the  program i s  t o  devel,op a lightweight f l e x i b l e  eo lar  
c e l l  a r ray  capable of producing 120 watts per pound a t  a pr ice  Qf $100 
per watt. The program i s  orgapized arpund a s e r i e s  of tasks ,  each 
spec i f i ca l ly  directed toward optimizing t h e  cost ,  weight, and performance 
of components and systems t o  y ie ld  an improved lightweight integrated 
array.  
The f irst  quarter ly  report  covering the  time per isd from July 1, 1969 
t o  October 1, 1969, discussed s o l a r  c e l l  p r ice  information, ulcra- thin 
s i l i c o n  s o l a r  c e l l  coverglass evaluation s tudies ,  s o l a r  c e l l  i n t e r -  
connector f a t igue  f a i l u r e ,  and a ribbon subs t ra te  evaluation study. 
The second quar te r ly  report  (October I, 1969 t o  January 1, 1970) discussed 
s o l a r  c e l l  coverglass pr ices  f o r  conventional g l a t e l e t  configurations, 
e l e c t r o s t a t i c  coverglass bonding, t h w r e t i c a l  interconnector-solder 
s i l i c o n  bond thermal s t resses ,  and interconnector t e s t s  irwluding wrap 
t e s t s ,  f lexure  t e s t s ,  and t h i n  f i l m  t e n s i l e  teSt8.  
I n  t h i s  t h i r d  quar te r ly  repar t  (January 1, 1970 t h ru  April  1, 1970) 
the  coverglass pr ice  study has been continued. 
has now been extended $0 i n t eg ra l  and ribbon g la s s  covers. 
pr ice  data f o r  conventional p l a t e l e t ,  in tegra l ,  and ribbQn concepts 
has been presented i n  a quick reference tab la .  
t h a t  about a f a c t o r  of three  decrease i n  pr ice  can be achieved by u t i l i z -  
ing an i n t e g r a l  cover or t he  ribbon g lass  cover compared t o  .the conventimal 
coverglass. 
The pr ice  information 
Comparative 
This analysis  shQwed 
Interconnector f lexure / tens i le  t e s t s  were conducted using modules 
fabr icated with high and low Z, wraparound, and t o t a l  span wraparound 
interconnectors. This experimental t e s t  data was campared with %he 
theo re t i ca l  model described i n  the  f i r g t  quar te r ly  report  and the  
r e s u l t s  confirmed the  theo re t i ca l  predict ion t h a t  a high s t r e s s  r e l i e f  
loop was required t o  achieve r e l i ab le  interconnection. A curve was 
generated t h a t  showed the  interconnect f a i l u r e  r a t e  as  a function of 
interconnect design. 
experienced a f t e r  2000 cycles f o r  a conventional low s t r e s s  r e l i e f  
loop design. 
t he  high s t r e s s  r e l i e f  loop design, and 65000 cycles with the  wraparound 
This curve showed t h a t  the 10% f a i l u r e  r a t e  was 
The 10% f a i l u r e  r a t e  was increased t o  3600 cycles f o r  
design with stress r e l i e f .  
improvements and are  needed f o r  f l e x i b l e  arrays.  
These improved designs a re  s ign i f icant  
Thermal cycling t e s t s  were conducted i n  order t o  obtain data f o r  com- 
parison t o  the  theo re t i ca l  analysis  of thermal s t r e s ses  induced a t  the  
interconnector-sil icon bond. A predicted dependence on interconnector 
thickness f o r  soldered bonds was not observed. The discrepancy from 
theory appears t o  l i e  i n  t h e  solder  which exhibited embrittlement during 
cycling from ambient t o  -lOO°C and ambient t o  -195'C. 
extended t o  include u l t rasonica l ly  welded aluminum interconnectors f o r  
an indicat ion of r e l a t ive  f a i l u r e  ra tes .  
ambient t o  -1g5"C), only a s l i g h t l y  lower f a i l u r e  r a t e  was noted f o r  
the u l t r a son ica l ly  bonded samples. However, the  majority of soldered 
bond f a i l u r e s  en ta i led  severe divoting of the  solder  whereas u l t rasonic  
bond f a i l u r e s  exhibited very l i t t l e  s i l i c o n  divoting. A twenty-four 
hour thermal soak t e s t  of t he  two bond configurations yielded results 
s imi la r  t o  the  thermal cycling t e s t s ,  
The t e s t  was 
In  t h i s  t e s t  (100 cycles from 
A new interconnection concept based on a suggestion by JPL was fabricated 
and f lexure tes ted .  This combines a wraparound interconnector design 
along with a laminated metal subs t ra te  concept. 
laminated between two polyimide sheets  t h a t  had holes or open areas 
through which the  metal t abs  protruded and made contact t o  t he  ce l l s .  
The tab t o  c e l l  bonds held the  c e l l s  i n  place so no adhesive bonding 
of the  c e l l  t o  t he  subs t ra te  was required. 
a f a t igue  r a t e  comparable t o  the  high Z t a b  configuration tes ted ,  which 
was subs tan t ia l ly  b e t t e r  than the  conventional interconnector system. 
The interconnector waq 
Flexure/tensile t e s t s  showed 
-iv- 
A wraparound interconnected demonstration module consisting of 380 
s i l i c o n  s o l a r  c e l l s  was fabricated during t h i s  period. A p i c t o r i a l  
descr ipt ion of the  wraparound fabr ica t ion  process and the  resu l tan t  
demonstration module i s  included. Additionally, a fabr ica t ion  plan 
has been prepared f o r  an advanced wraparound intercoqnected module 
concept u t i l i z i n g  ribbon g lass  covers and ribbon substrates .  
1.0 INTROIXTCTION 
The purpose of t h i s  study i s  t o  analyze the  major components which 
comprise a s o l a r  c e l l  array and determine how these components caq be 
redesigned t o  improve power t o  weight r a t i o s  and reduced ar ray  costs.  
The ult imate goal i s  t o  provide a s i l i g a n  s o l a r  c e l l  array t h a t  i s  
s ign i f i can t ly  l i g h t e r  i n  weight and lower i n ,  cost  than ex is t ing  designs 
which can be assembled using current concepts. 
t o  advance s o l a r  a r ray  development t o  a higher leve l ,  oompmxmrate with 
the  so l a r  c e l l  s t a t e  of development. 
This program can serve 
During the  first quarter  of t h e  contract ,  s o l a r  c e l l  performance and 
pr ice  var ia t ions  were examined. 
t he  ribbon g lass  concept f o r  applying the  covws t o  Qolay c e l l s  was 
performed and a preliminary evaluation of processes was made. 
possible f a i l u r e  mechanisms f o r  solar c e l l  interconnectors was evgluated 
the roe t i ca l ly  and ver i f ied  empirically. Regul-kp indicated t h a t  a narraw 
ribbon subs t ra te  between s o l a r  c e l l s  wquld provide s t a b i l i t y  copensurgte  
with a continous substrate ,  ye t  with a Ligher weight. 
An analysis  of t he  f e a s i b i l i t y  of using 
The 
During the  second quar te r  of t he  con;tracti, a deta i led  cost?, anaLYsis of , 
p l a t e l e t  type s o l a r  c e l l  covers was conaucted, and a theo re t i ca l  anarysis 
of the  thermal e f f ec t s  on s o l a r  c e l l  in-kerconqectiors was completed. 
Drum r o l l i n g  t e s t s  and 90" bend t e s t s  of interconnectar candidgtes 
revealed an advantage of t h e  wraparound type iqterconngctoy i q  absoroing 
ar ray  s t r e s s e s  due t o  mechanically and thermally Induced motioqs. 
\ s t r a i n  data and the  mechanical i n t e g r i t y  of t h e  interc9nnector-polyimide 
St ress /  
laminate demonstrated t h i s  concept po ten t i a l  f o r  providing a su i tab le  
and lightweight e l e c t r i c a l  c i r c u i t  member. 
&ring t h i s  t h i r d  quarter ,  a de ta i led  cover system cost analysis  was 
exkended t o  include i n t e g r a l  and ribbon g lass  concepts. Wikh these 
advanced systems, the cost  o f  a cover system has been reduced t o  leqs  
than 1/3 t h a t  of t he  lowest cost  p l a t e l e t  system present ly  used. 
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Flexure/tensile t e s t i n g  on sample modules u t i l i z i n g  various interconnector 
concepts has been performed and comparisons made. The wraparound concepts 
provided s ign i f i can t ly  grea te r  f a t igue  resis tance than oonventional Z t a b  
designs. 
mechanism of t h e  interconnector-s i l iQop bond. Further, a de ta i led  descrip- 
t i o n  of t he  fabr ica t ion  of a 380 c e l l  demonstration a r ray  has been included 
Thermal cycling t e s t s  were conduFted t o  examiee the f a i l u r e  
and photographs of the  fabr ica t ion  procedures gre shown. A fabr ica t ion  
cost analysis  comparing the  wraparound interconnected system and t h e  
conventional Z t a b  system has been complehed. 
2.0 TECH31 CAL DISCUSS I O N  
2.1 COVERGLASS COST COMPARISON 
I n  t h e  second quarter ly  report  on JPL contract ]No. 952560 dated LO January 
1970, a cost study of various types o f  conventional s i l i c a  and microsheqt 
s o l a r  c e l l  covers was presented. A s imi la r  cost  analysis  f o r  two addi- 
t i o n a l  coverglass systems has been prepared for t h i s  report  thus providing 
a comparison of the  th ree  a l t e rna te  systems. The two additionaz cover 
systems are :  a continuous ribbon glass ,  and a vacuum deposited in t eg ra l  
cover. 
2.1.1 Ribbon Glass Solar  Cel l  Cover 
The ribbon g lass  system was discussed i n  the  first quarter ly  report  of 
JPL Contract No. 952560. The appl icat ion procegs oonsists of applying 
a continuous ribbon of 0,0013 inch th i ck  glasr; t o  so l a r  c e l l s .  The process 
s teps  consis t  of:  adhesive appl icat ion,  indexing and posit ioning the  c e l l  
r e l a t ive  t o  the  glass ,  adhesive cure, glass  t r i m  and a f i n a l  cleaning. ' k e  
en t i r e  operation would be performed on a cpntinuous process basis .  I n  
t h i s  analysis  t he  cost  per 2 x 2 em s o l a r  c e l l  0.014 inch th i ck  has besn 
based on a production quant i ty  of 5OO,OQO s o l a r  c e l l s  per year,  S n i t i a l  
too l ing  and machining costs  of $60,000 were amortized over t h i s  production 
quantity.  A cost  breakdown i s  shown i n  Table 2.1-1 f o r  the  coverglass and 
the  i n s t a l l a t i o n .  This t a b l e  shows t h a t  a pr ice  of' about 62d would be 
expected f o r  t h i s  ribbon glass cover system. No u l t r a v i o l e t  re jec t ion  
f i l t e r  i s  considered, s ince the  glass  would be the  0211 type, which has 
an absorption region i n  the  U.V. t h a t  protects  the  adhesive. Also, no 
an t i r e f l ec t ion  coating i s  considered for the  g l a s s  so thaC t h i s  system 
could be compared d i r ec t ly  with the  i n t e g r a l  coverglass system. 
TABLE 2.1-1. RIBBON GLASS COST ANALYSIS 
Yearly Cost 
Labor 3 Technicians a t  $3.00 an hour $18,000 






Material $1.00 per  l i n e a l  foot  50% yie ld  80,000 
10% Contingency on above 
10% G&A 
10% Fee 




0 . 090 












2.1.2 In t eg ra l  Cover System 
A s ign i f icant  amount of e f f o r t  has been devoted t o  producing a low cost  
s o l a r  c e l l  cover which would be bonded d i r e c t l y  t o  t h e  so l a r  c e l l  without 
the  necessi ty  of using any adhesives. Several methods, including a fused 
g lass  s lur ry ,  thermal decomposition of s i lanes ,  sputtering, and high 
vacuum electro-beam deposit ion have been investigated a t  various labora- 
t o r i e s .  Heliotek has reported success i n  t h e  use of t he  high vacuum 
electron-beam technique. The cost analysis  presented i n  t h i s  report  i s  
based upon a l i n e a r  scale-up of ex i s t ing  equipment t o  produce a quant i ty  
of 5OO,OOO c e l l s  5.n one year. Table 2.1-2 gives a cost breakdown f o r  
deposit ing an i n t e g r a l  cover of 1 t o  2 m i l s  i n  thickness on 2 x 2 cent i -  
meter s i z e  so l a r  ce l l s .  The g lass  t o  be evaporated would be Corning 
type 1720 glass  which has exhibited acceptable res is tance t o  u l t r av io l e t  
and high energy partic2.e radiation. 
possesses a l l  of t h e  environmental cha rac t e r i s t i c s  necessary for an in t e -  
g r a l  s o l a r  c e l l  cover. 
I n  general, t he  1720 type glass  
Table 2.1-3 shows a summary comparison of t he  pr ice  of t h e  th ree  a l t e rna te  
types of cover. The pr ices  of t h e  various types have been selected from 
the previous cost  analysis  s tudies  such t h a t  they are  a s  equivalent i n  
t h e i r  cha rac t e r i s t i c s  a s  possible , to  provide a common base for comparison 
purposes. The following conditions were used t o  provide t h i s  common base 
and specify the  so l a r  c e l l  cover system. 
a. Dimensional Tolerance: T i g h t ,  zero gap concept with the cover 
No  f lush  or with a 3 m i l  overhang on th ree  edges of  t h e  ce l l .  
exposed area between t h e  cover and ohmic s t r i p  with a maximum 
of a 5 m i l  overlap of t he  cover on t h e  ohmic s t r i p .  
b. Surface Treatment or Cover Coating: Magnesium f luor ide  an t i -  
r e f l ec t ive  hard coating. 
c. Blue Reflecting F i l t e r :  None. 
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T A a E  2.1-2 
INTEGRAL COVER PROCESS 
COST ANALY$IS 









$6 . 50/lb 
5. Contingency 
10% #l t h ru  4 
6. G & A  
10% 




Cost per c e l l  
RATE HOUR IEI"I 'ED $00996 
$2.OO/hr 24,000 $48, QOO 
1.5 x $0.096 $0.144 
0.1 x $0.377 ' $0.03? 
$o&5 SUrnOTAI; 
0.1 x $0.415 $0.942 
$0. k57 SUBTOTAL 






FIGURF: 2-1-3 COMP&lATTVE COVER COSTS 
Mat e r i a  1 
AR Coating 
I n s t a l l a t i o n  Labor 
(Burdened) 
Total Cost 
















d. Cover Material: 
Conventional: 
In t eg ra l  : 
Ribbon : 
Fused s i l i c a  an0 9211 mcrosheet 
Evaporated Corning Glass type 1720 
Corning Glass type 0211 
e. Quantity: 5OO,OOO pieces t o  be pro@uced i n  a one year period. 
The conventional cover pr ices  presented i n  the  second quarter ly  
report  have been reduced by 3 percent t o  r e f l e c t  the  change i n  
quant i ty  from 5O,OOO t o  $00,000. 
A s  t he  t a b l e  2.1-3 c l ea r ly  shows, t he  i n t e g r a l  and ribbon g lass  concepts 
o f f e r  a s ign i f icant  reduction i n  t h e  c e l l  c w e r  costtr  T h i s  pot;en.tial 
cost  advantage i n  la rge  area arrayq c l ea r ly  indicates  t h a t  such concepts 
would provide a dramatic reduction i n  t o t a l  a r ray  cost. 
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2.2 INTERCONPlTECTOR STUDY 
2.2.1 Interconnector Flexure/Tensile Test 
I n  t h e  F i r s t  Quar te r ly  Progress Report, an ana ly t ic  approach t o  the  problem 
of interconnector f lexure  fa t igue  was discussed. This consisted pr inc ipa l ly  
i n  examining t h e  aspect of thermally induced ar ray  motions. Vibrational 
motions were, f o r  t h e  most par t ,  neglected. This neglect was not because 
such motions were considered t o  be of no consequence, but ra ther ,  because 
no technique was avai lable  f o r  describing t h e  magnitude or frequency of 
these motions. In  the  case of thermal motion, it was f e l t  t h a t  a model 
giving t h e  maximum and minimum extent of possible motion could be obtained, 
and t h i s  was done. 
The fa t igue  model thus obtained was used t o  r e l a t e  interconnector s t r e s ses  
with the  motion of t h e  c e l l s .  It was evident t h a t  i f  t he  v ibra t iona l  
environment could be described i n  terms of c e l l  motions, the  same type of 
s t r e s s  r e l a t ions  could be u t i l i z e d  i n  obtaining interconnector design re- 
quirements. Hence, t he  r e s u l t s  of a previous v ibra t iona l  t e s t  conducted 
by Ryan Aeronautical Company on a rol l -out  type a r ray  were u t i l i z e d  a s  
best  avai lable  data i n  order t o  have some indicat ion of the  v ibra t iona l  
problem. 
a t y p i c a l  Saturn launch environment would produce a change i n  t h e  c e l l  
spacing distance of approximately 4 m i l s .  
was 4-6 cps. 
only on the  input vibrat ion spectrum, but a l s o  upon the  stowed ar ray  con- 
Their work had shown t h a t  with a one m i l  th ick  polyimide substrate ,  
The resonance frequency f o r  t h i s  
Realizing t h a t  t he  problem of v ibra t iona l  motion i s  dependent not 
f igura t ion ,  Heliotek f e l t  t h a t  t h e  Ryan data  could nevertheless be useful  
i n  providing a point f o r  designing an experiment which would examine the  
propert ies  of various interconnect concepts. 
With t h i s  i n  mind t h e  apparatus shown i n  Figure 2.2-1 was constructed. 
In  operation, an eccent r ic  cam on the  motor produces a cyc l ic  v e r t i c a l  
motion of the  6" diameter drum. This drum,in turn,  i s  th rus t  up against  
the  f ixed module/substrate sample t o  induce t h e  required loading. 

Calculations were made based on t h e  Ryan data which indicated t h a t  t h e  
1 m i l  t h i ck  polyimide substrate  need be subjected t o  a force on the  order 
of 12 pounds per  l i n e a l  inch. 
measured by examining the  def lec t ion  of springs which f i x  one end of the  
polyimide subs t ra te  t o  the  t e s t  f i x tu re .  The spring ca l ibra t ion  indicated 
t h a t  a t o t a l  spring def lect ion of 0,050" w i l l  be produced by a t o t a l  force 
of 36 pounds. 
t o  the  required 12 pounds per l i n e a l  inch. 
spacing has fu r the r  indicated an ac tua l  c e l l  spacing change of 3 t o  5 m i l s .  
I n  t h e  t e s t  setup, the  ac tua l  loading i s  
Across the  3 inch wide substrate  t h i s  def lect ion corresponds 
Measurements of t he  c e l l  
The frequency used i n  the  laboratory tests was 43 cpm, s l i g h t l y  slower 
than t h e  Ryan data indicated.  
The samples t e s t ed  consisted of f i v e  d i f f e ren t  concepts. These were: 
a. High 2 (or S )  type t a b  (50 m i l s  s t r e s s  loop height) .  
b. Low 2 t a b  (15 m i l s  s t r e s s  loop he ight ) .  
e. Wraparound interconnector.  
d. Total  span wraparound interconnector.  
e .  Laminated wraparound s o l a r  c e l l  matrix. 
Figure 2.2-2 shows sketches f o r  configurations e )  d )  and e )  above. 
The laminated wraparound s o l a r  c e l l  matrix, configuration e, combines some 
aspects of t he  composite so l a r  c e l l  matrix (NASA Technical Brief 67-10503) 
and t h e  wraparound interconnector concept. The composite s o l a r  c e l l  matrix 
was suggested by R. K. Yam5 of JPL and incorporated a standard Z *,-' S 
interconnector i n  a system requir ing no adhesives f o r  t h e  series d i rec t ion  
a r ray  in t eg r i ty .  Rather, t he  interconnector provides the  mechanical 
strength.  A s  o r ig ina l ly  modified by Heliotek, t he  s o l a r  c e l l s  a r e  placed 
on one s ide  of t he  polyimide subs t ra te  and t h e  interconnector i s  bonded t o  
the  s o l a r  c e l l  through holes i n  t h e  polyimide. This rrsandwich" provides 









i n  Substrate 
’ 4e---, Substrate  
Configuration e 
Side View 
FIGURE 2.2 -2b FLEXURE/TEIYSILE TEST CONFIGURATIONS 
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For these  pa r t i cu la r  f lexure / tens i le  tests , a l l  sample modules consisted 
of 9 s i l i c o n  s o l a r  c e l l s  interconnected i n  a 3 p a r a l l e l  by 3 s e r i e s  con- 
f igurat ion.  
i n  configuration was required f o r  t h e  laminated wraparound so la r  c e l l  matrix 
due t u  i t s  catastrophic tear ing  during the  first f e w  cycles. Originally,  
s l i ts  were used where t h e  interconnector passed from the  top  of one c e l l  
t o  the bottom of t h e  next. Where the bottom surface solder  bonds were 
made c i r cu la r  r*t;I’icns were cut out. The subs t ra te  material  f o r  t he  i n i t i a l  
design was a s ing le  polyimide sheet.  With t h e  i n i t i a l  design, t ea r ing  
commenced a t  t h e  feedthru s l i t s  and rapidly l ed  t o  complete t ea r ing  of the  
sample, a s  shown i n  Figure 2.2-3.  
The polyimide subs t ra tes  were a l l  1 m i l  thick.  A modification 
Consequently, t h i s  i n i t i a l  concept was modified t o  proyide grea te r  t e a r  
res is tance.  F i r s t ,  a l l  feedthru regions i n  the  substrate  were fabricated 
by punching c i r cu la r  holes.  This removed the  region6 of high s t r e s s  t h a t  
were incurred by t h e  s l i t t i n g  techniques. Second, a second 1/2 m i l  polyimide 
substrate  was bonded t o  the  first,  sandwiching t h e  interconnector i n  between. 
This configuration, showr, i n  Figure 2.2-4, was used f o r  a l l  fu r the r  t e s t ing .  
Another var ia t ion  had t o  be made t o  t h e  o r ig ina l  t e s t  sequence i n  t h e  case 
of t h e  wraparound design. It was discovered t h a t  t he  wraparound concept 
had t o  be modified t o  provide s t r e s s  re l ieving.  The i n i t i a l  t es t  of the  
wraparound showed a high f a i l u r e  r a t e ,  commrable t o  the  low Z t a b  design, 
The f a i l u r e  appeared t o  be caused by a rubbing act ion of t he  t a b  along 
the  c e l l  edge due t o  motion r e l a t i v e  t o  t h e  c e l l .  Because of t he  insu la t ion  
and s i l i cone  adhesive underneath t h e  c e l l  a t  t h i s  goint,  slight motions 
were possible.  Hence, a small stress loop, approximately 5 m i l s  high was 
incorporated t o  allow interconnector motion without any rubbing. 






F I G U m  2.2-4 MODIFIED LAMINATED WRAPAROUND SOLAR CELL MATRIX 
Original Wraparound 
Stress Relieved Wraparound 
FIGURE 2.2-5 STRESS FCGIWED WRAPAROUNQ 
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The data f o r  a l l  cycled samples i s  summarized i n  Figure 2.2-6. 
i s  presented a s  percent of t abs  f a i l e d  versus number of cycles. A s  a 
matter of reference and comparison, t he  Ryan data which was obtained by 
subjecting a roll-up type a r ray  t o  a t y p i c a l  saturn launch environment, 
showed a resonant 4 m i l  i n t e r c e l l  spacing change a t  approximately 6 cps. 
The duration of t h e  environment was 5 minutes resu l t ing  i n  a t o t a l  of 
1800 cycles. The number of cycles which the  samples experienced i n  these 
laboratory t e s t s  was s t i l l  i n  excess of t h e  1800 cycles, thus providing 
information well beyond t h e  design goel. 
The data 
Furthermore, t heo re t i ca l  calculat ions of Z t a b  s t r e s s  loop height f o r  no 
f a i l u r e  were made using the  model and equations reported i n  t h e  previous 
Quar te r ly  Report and were based on 500,000,000 cycles, i n  accordance with 
t h e  avai lable  mater ia ls 'propert ies .  These calculations showed t h a t  f o r  
a 4 m i l  i n t e r c e l l  spacing change, a s t r e s s  1c.p of approximately 70 m i l s  
height would be required. I n  t h e  experimental t e s t s  t h e  low Z oonfigura- 
t i o n  (15 m i l s  s t r e s s  loop height)  
height)  were expected t o  exhibi t  a wide variance i n  fa t igue  resis tance.  
Accordingly, t h e  t e s t  data i n  Figure 2.2-6 conclusively bears out t h i s  
t heo re t i ca l  data. For the  Z type configuration interconnector, f a i l u r e s  
occurred predominantly a t  the  top  of t he  s t r e s s  loop (see Figure 2.2-7) 
i n  agreement with t h a t  expected based on t h e  theo re t i ca l  model previously 
mentioned. 
and t h e  high Z configuration (50 m i l s  
Returning t o  Figure 2.2-6, a l l  the  concepts have e s sen t i a l ly  formed three  
pat terns  characterized by a r e l a t i v e l y  high fa t igue  ra te ,  moderate r a t e ,  
and a low ra te .  
which uses no adhesives t o  bind the  c e l l  t o  the  substrate ,  although i n i t i a l l y  
exhibi t ing a grea te r  f a i l u r e  r a t e  than the  high Z t a b  configuration was 
qui te  comparable t o  it a f t e r  approximately 50,000 cycles,  
en t a i l i ng  only a few thousand cycles, t he  composite would appear t o  be 
somewhat i n f e r i o r  t o  t h e  high Z configuration, however, the  poten t ia l ly  
1 i g h T a : w e i g h t  and the  ease of construction of t h e  laminated wraparound 
make i t s  use on many cycle missions look promising, 
In te res t ing ly  the  laminated wraparound so la r  c e l l  matrix, 







Both t h e  t o t a l  span wraparound concept and the  s t r e s s  relieved wraparound 
concept were much superior t o  a l l  other  concepts i n  fa t igue  resis tance 
tests. When compared t o  the  low s t r e s s  r e l i e f  system which approximates 
many present-day interconnect systems, t h e  improvement i n  fa t igue  r e s i s -  
tance i s  qui te  pronounced. 
s t r e s s  relieved wraparound systems shown would provide the  bes t  fa t igue  
resis tance.  
wraparound concept, along with i t s  good fa t igue  resis tance should make 
t h a t  concept a candidate f o r  some missions where al l -out  fa t igue  resis tance 
was not of prime concern (moderate i n t e r c e l l  spacing motions). 
It appears t h a t  t h e  t o t a l  span wraparound and 
The p o s s i b i l i t y  of lower a r ray  weight with the  laminated 
The s ignif icance of these interconnector design changes can be seen by 
comparing the  number of cycles required t o  cause a 10% f a i l u r e  ra te .  
conventional low s t r e s s  r e l i e f  loop design only requires 2,000 cycles t o  
f a i l  10% of the  interconnectors.  
r e l i e f  loop increased t h e  number of cycles f o r  10% f a i l e d  t o  36,000 cycles. 
The wraparound design with stress r e l i e f  design could go 65,000 cycles 
before t h e  10% f a i l u r e  r a t e  was reached. 
obviously b e t t e r  designs f o r  l ightweight arrays.  
The 
Increasing t h e  height of the  s t r e s s  
These improved designs a re  
An examination of f a i l u r e  mechanisms showed t h a t  i n  a l l  cases, excepting 
the  laminated wraparound, t he  f a i l u r e  mechanism consisted of interconnector 
metal fa t iguing.  I n  f a c t ,  f a i l u r e s  could of ten be predicted from t h e  
appearance of t h e  interconnectors. Pr ior  t o  f a i l u r e  t h e  tabs  i n  t h e  region 
of f lex ing  showed evidence of surface p i t t i n g  and t ea r ing  a t  t he  edges, 
along with a generally c rys ta l l ine  appearance (see Figure 2,2-8). 
With t h e  t o t a l  span wraparound configuration, t h e  fa t igue  f a i l u r e s  occurred 
underneath t h e  c e l l s  and was apparently due t o  crimping during t h e  cycling 
as  shown i n  Figure 2,2-8. 
With t h e  laminated wraparound matrix concept, a large number of f a i l u r e s  
opcurred a t  t h e  so lder  bonds and did not appear t o  be fa t igue  f a i lu re s .  
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FIGURE 2.2 -8 FATIGUE FAILURES 
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Rather, it appeared t h a t  s t r e s s  levels had exceeded bond s t rength,  With 
the  laminated wraparound matrix concept, the  absence of adhesives appeared 
t o  minimize t h e  a r r ay ' s  a b i l i t y  t o  absorb s t r e s ses  over r e l a t ive ly  la rge  
areas ,  Instead, they became concentrated a t  t h e  solder  bonds. Possibly, 
the  use of th inner  interconnectors would be advantageous i n  t h e  design 
s o  t h a t  l e s s  twis t ing  torque would be t ransfered t o  t h e  bond. 
2.2.2 Interconnector Thermal Cycling Tests 
Thermal cycling t e s t s  were conducted on interconnector samples with four  
thicknesses (2, 4, 6, and 8 m i l s ) ,  
provide f a i l u r e  r a t e  data t o  augment t h e  theo re t i ca l  interconnector f a i l u r e  
analyses previously reported, The interconnector samples were formed from 
O.O5O" wide copper s t r i p s  and then soldered t o  14  m i l  th ick  s i l i c o n  s o l a r  
ce l l s .  Two thermal cycle sequences were conducted. The first consisted 
of 100 cycles between room ambient and -195°C and the  second consisted of 
LOO cycles from room ambient t o  approximately -100°C. 
8 tabs  of each thickness were cycled. 
mately a 5 minute excursion with a two minute dwell a t  each temperature 
extreme, A l l  samples were examined v isua l ly  every cycle f o r  bond f a i l u r e  
o r  surface cracks, and a t  every 10 cycles under a 50 power microscope f o r  
evidence of h a i r l i n e  surface fractur ing.  
It was intended t h a t  these  t e s t s  would 
For each sequence 
The thermal cycle r a t e  was approxi- 
Analysis of t h e  t e s t  data did not provide a c l ea r  cor re la t ion  between 
interconnector thickness and f a i l u r e  r a t e ,  
ambient cycle t e s t ,  f a i l u r e s  were d is t r ibu ted  evenly f o r  each thickness. 
With t h e  l e s s  severe -100°C t o  room ambient cycle t e s t ,  t h e  intermediate 
thicknesses of 4 and 6 m i l s  exhibited bond f a i l u r e s  of about 50$, whereas 
the  2 and 8 m i l  interconnected samples exhibited l e s s  than 15% f a i l e d  bonds. 
Apparent embrittlement and r ec rys t a l l i za t ion  of t h e  solder  was noted well 
before any ac tua l  bond f a i l u r e  f o r  a l l  samples, In  many cases t h i s  s igni-  
f i c a n t l y  weakened the  bond s t rength without, however, producing a v i s ib l e  
bond f a i l u r e ,  A s  a r e su l t ,  a t  t he  end of each cycle each t a b  was manually 
t e s t ed  i n  order t o  provide some indicat ion of weakening due t o  solder  em- 
br i t t lement  @ 
t he  pa r t  was su f f i c i en t  t o  cause bond f a i lu re .  
Rather, f o r  t he  -195°C t o  room 
I n  approximately 1/3 of t h e  bond f a i lu re s ,  l i g h t l y  tapping 
2 -21 
This data  ind ica tes  t h a t  e i t h e r  t h e  sample bheoret ical  model u t i l i z e d  i n  
Quar te r ly  Report No. 2 does not accurately describe t h e  f a i l u r e  mechanism 
a t  these  temperature l eve l s  or t h a t  the  experimental data was improperly 
interpreted or was influenced by a more important f ac to r  than t a b  thick-  
ness. 
To r e c a l l  the e a r l i e r  t heo re t i ca l  calculat ions (Quarterly Report no. 2),  
it should be noted t h a t  s t r e s s  l eve l s  i n  the  solder  were qui te  high i n  
reference t o  the  solder  t e n s i l e  s t rength,  Furthermore, incomplete 
mater ia l s '  propert ies  data f o r  t h e  solder  a t  low temperature required some 
extrapolation of s t rengths .  Hence it i s  l i k e l y  tha t  t he  solder  s t rength 
i s  marginal under the  s t r e s ses  encountered, For t h i s  reason, t h e  e f f ec t  
of interconnector thickness may be of secondary importance t o  t h e  solder  
bond f a t igue  resis tance.  So, although theory predicts  t h a t  it i s  reason- 
able t o  expect th inner  interconnectors t o  incur  l e s s  s t r e s s  i n  t h e  so l a r  
c e l l  during thermal cycling than th i cke r  interconnectors,  t h e  f a i l u r e  of 
the  solder  e s sen t i a l ly  masks t h e  interconnector thickness e f f ec t s  i n  
the  experimental work. 
A s  a fu r the r  invest igat ion of t he  importance of t he  possible e f f ec t  of 
the solder  on t h e  f a i l u r e  mechanism, an addi t ional  experiment was con- 
ducted. This t e s t  consisted of samples with 2 m i l  copper interconnectors 
soldered t o  c e l l s  and 2 m i l  t h i ck  aluminum interconnectors u l t r a son ica l ly  
welded t o  the  ce l l s .  A l l  sample c e l l s  had s i l v e r  t i tanium contacts.  The 
samples were cycled 60 times from room ambient t o  -195°C. Additionally, 
two samples of each system were soaked i n  LN2 (-195°C) f o r  approximately 
24 hours. 
i s  shown i n  Figure 2-2-9. 
The r e su l t s ,  p lo t ted  as  percent of bond f a i l e d  vs cycles, 
The difference i n  f a i l u r e  r a t e s  cannot be considered s igni f icant  s ince 
only 28 bonds of each type were used, 
was qui te  d i f f e ren t ,  In  t h e  majority of cases, t he  f a i l e d  solder  bonds 
removed large divots  i n  the  s i l i con ,  I n  sharp contrast ,  t h e  u l t rasonic  





bonds t h a t  f a i l e d  of ten l e f t  j u s t  a slight blemish on the  s i lver- t i tanium 
contact o r  i n  some cases, a slight deposit of aluminum. Hence t h e  
u l t rasonic  weld f a i l u r e s  appeared t o  be located only i n  the  bond region, 
whereas the  soldered bond f a i l u r e s  produced a pronounced disrupt ion or 
f r ac tu re  i n  the  s i l i c o n  s o l a r  c e l l .  This same type of occurrence was 
observed i n  the  samples soaked a t  -195°C f o r  24 hours. 
t h a t  t h e  ac tua l  cycling i s  not as  important a determinent of f a i l u r e  a s  
i s  the  t o t a l  t i m e  spent a t  low temperatures. 
This would indicate  
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2.3 WRAPAROUND IMTERCOPJNECTOR MODULE MANUFACTURING FEASILBILITY & COST STUDY 
A demonstration s o l a r  c e l l  module was constructed during the  t h i r d  quar te r  
of JPL Contract 952560 t o  demonstrate t h e  f e a s i b i l i t y  of the  wraparound 
interconnector concept. 
x 20 s e r i e s )  was performed t o  obtain information about t he  various manu- 
fac tur ing  tasks  employed t o  assemble t h e  module and provide a comparison 
of the corresponding manufacturing tasks  of t he  conventional and wrap- 
around interconnects.  The manufacturing tasks  were reviewed t o  determine 
the  general overa l l  t a s k  eff ic iency and type of too l ing  or too l ing  modifi- 
cat ion necessary t o  expedite module assembly. Manufacturing t a sks  of t he  
conventional and wraparound interconnector were compared t o  determine the  
difference i n  costs of s imi la r  tasks .  From t h i s  demonstration module it 
was possible t o  extrapolate  t h e  cost  of fabr ica t ing  a wraparound i n t e r -  
connector module. 
Fabrication of t h i s  380 c e l l  module ( 19 p a r a l l e l  
2.3.1 Solar  Cel l  Module Description 
Solar  Cells:  2 x 2 ern b a r  contact so lder less  
8 m i l s  nominal thickness 
Solar  C e l l  Cover: 0211 microsheet 3 m i l s  t h i ck  
Interconnect : 2 m i l  copper, s i l v e r  plated 
'Solder Technique: Front contacts - impulse 
Rear contacts - resis tance 
Module Size: 1.9 c e l l s  i n  p a r a l l e l  by 20 c e l l s  i n  s e r i e s  
Wraparound Insulat ion:  1 m i l  g lass  c loth impregnated with RTV 3145 
2.3.2 Interconnector Description 
The interconnector configuration shown i n  Figure 2.3-1 i s  t h e  type used t o  
fabr ica te  t h e  demonstration t e s t  module. The configuration incorporates 
stress r e l i e f  fea tures  which were designed t o  a l l e v i a t e  thermal s t r e s ses  





conventional interconnects consisted of re locat ing and lengthening t h e  
ohmic s t r i p  tabs  t o  allow t h e  wraparound t o  be completed. The tabs  were 
s t r e s s  re l ieved t o  allow transverse movement due t o  thermal expansion, 
without exer t ing la rge  s t r e s ses  a t  t h e  c e l l  and t a b  interface.  
The interconnectors were fabricated from 2 m i l  copper s i lverp la ted  on a l l  
surfaces.  The 2 m i l  copper was selected t o  p a r a l l e l  t h e  type of mater ia l  
used on the  conventional interconnector t o  insure t h a t  established solder- 
ing techniques w i l l  produce uniform r e l i a b l e  solder  bonds. 
2.3.3 Module Fabrication 
The demonstration module fabr ica t ion  consisted of the  following s teps:  
A. C e l l  e l e c t r i c a l  output matching: Pr ior  t o  assembly, 
the  s o l a r  c e l l s  were graded and an average current 
value of 95.0 mA a t  460 mV a t  140 mW/cm 
was establ ished f o r  each p a r a l l e l  submodule. 
2 and 28"c 
B. Coverglass Ins t a l l a t ion :  Cell covers were bonded with 
Dow Corning XR 63-489 s i l icone  adhesive. 
C. Para l le l ing  of Cells: Solar  c e l l s  were placed i n  a 
vacuum hold-down f i x t u r e  t o  es tab l i sh  c e l l  spacing. 
Mylar tape was applied t o  t h e  face of t h e  c e l l  t o  
maintain spacing during t h e  assembly process. The 
interconnectors were indexed and soldered i n  place. 
A pulse soldering technique and 1 m i l  x 30 m i l  
solder  preforms were used t o  produce an optimum bond. 
Figures 2.3-2 and 2.3-3 show taped and soldered submoduleso 
D. Interconnector Insulat ion and Bonding: Figures 2.3-4, 
2.3-5, and 2-3-6 show t h e  th ree  s teps  necessary t o  
complete t h e  insulated wraparound contact. Figure 2.3- 4 
shows the  interconnector bent 90 degrees toward i t s  f i n a l  
posit ion.  This s t e p  i s  performed t o  f a c i l i t a t e  submodule 
handling and priming of t h e  surfaces t o  be bonded, 
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FIGURE 2.3-2 TAPED SUBMODULE 
FIGURE 2.3-3 SOLDERED SUBMODULE 
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FIGURE 2-3-4 90" IPJTERCONRTECTOR BEND 
FIGURE 2 3-5 INSULATION ADDITION 
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FIGURE 2.376 COMPLETED WRAPARounD SUBMODULE 
2-30 
Figure 2.3-5 
RTV impregnated g lass  insu la t ion  i n  place, 
a l i g h t  coating of R W  3145 i s  applied to t h e  
contact opposite t h e  ohmic s t r i p ,  The area covered is  
about 0.15 of an inch wide and running t h e  length of 
t he  c e l l o  A s t r i p  of 1 m i l  th ick  woven glass  cloth 
was placed i n  the  adhesive, addi t ional  adhesive was 
applied to t h e  glass  cloth,  and the  primed in t e r -  
connector was ro l led  around the edge of the  c e l l  and 
pressed i n t o  t h e  adhesive, 
shows the  c e l l  rear  "P" contact with t h e  
I n i t i a l l y ,  
"P" 
The assembly was placed between two sheets of t e f lon  
coated kapton and a pressure of approximately one-half 
pound per  square inch was applied. The assembly was 
cured f o r  48 hours a t  28'~~ The submodules were sub- 
sequently inspected, repaired, cleaned, and submitted 
to f i n a l  assembly, Figure 2.3-6 shows a completed 
submodule a f t e r  t h e  adhesive had been cured. 
E, Sub-Module Series  Assembly: Submodules were placed 
i n  a vacuum hold-down f i x t u r e  t o  maintain c e l l  spacing 
and t h e  s e r i e s  connections mode. Soldering was accom- 
plished using 1 m i l  solder  preforms 30 m i l s  i n  diameter 
and a res is tance soldering technique, The module was 
subsequently inspected and repaired p r i o r  to e l e c t r i c a l  
performance evaluation, Each s e r i e s  connected submodule 
was then p a r a l l e l  connected to t h e  next s e r i e s  s t r i n g  
with metal jumper s t r i p s -  Figures 2.3-7 and 2.3-8 
show t h e  f ron t  and back of t h e  completed 1-9 by 20 c e l l  
array,  Figures 2.3-9 and 203-10 show closeup pictures  
of portions of the  f ron t  and back connections of t he  
completed array,  The module was subsequently inspected 
and repaired p r io r  to e l e c t r i c a l  performance evaluation, 
The I,V, curve obtained during t h e  e l e c t r i c a l  performance 
i s  shown i n  Figure 2 ,3 - l lo  
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FIGURE 2.3-7 COMPLETE MODULE TOP VIEW 
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FIGURE 2.3-8 COMPLETE MODULE BOTTOM VIEW 
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FIGUFB 2,3-9 MODULd3 CLOSEUP TOP VIEM 
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VOLTAGE (VOLTS X 2' 2-36 
2.3.4 Module Repair 
Module repa i rs  consisted of replacement of a broken cover o r  a broken 
ce l l .  
between t h e  cover and t h e  c e l l o  The c e l l  was subsequently cleaned and a 
new cover was in s t a l l ed .  
wraparound interconnect than the  conventional interconnector, This com- 
p lex i ty  i n  repa i rs  of c e l l s  would result i n  a correspondingly higher per 
c e l l  r epa i r  price,  about 12 percent more than t h e  conventional configura- 
t i on ,  The cost increase i s  due t o  the  f a c t  t h a t  a c e l l  with a wraparound 
interconnector i s  replaced as  an assembly with t h e  interconnector bonded 
t o  the  s o l a r  c e l l  and requires spec ia l  handling- It i s  ant ic ipated t h a t  
t h i s  pr ice  w i l l  be s ign i f i can t ly  reduced a s  more advanced and mechanized 
techniques are  developed, 
Cover replacement was done using ethanol and a razor blade slipped 
Cell replacement was more complex with t h e  
2.3.5 Module Manufacturing Feas ib i l i t y  
A s  a r e s u l t  of t h e  processing performed f o r  t he  above demonstration array,  
t he  wraparound interconnector so l a r  c e l l  module fabr ica t ion  technique has 
been demonstrated and has been shown t o  be f eas ib l e  f o r  use on an in t e -  
grated lightweight s o l a r  c e l l  array,  Environmental and performance t e s t -  
ing of t h i s  module w i l l  be performed under the  d i rec t ion  of JPL, and these 
t e s t s  w i l l  provide information regarding r e l i a b i l i t y  and in tegra t ion  of 
t he  design. 
2.3.6 Wraparound Interconnect and Conventional Interconnect Module Price  
Comparison 
Table 2 .3 - lhas  been compiled t o  provide a r e l a t ive  pr ice  comparison of 
the  wrapsround interconnected module compared t o  the  conventional system. 
The conventional configuration uses a s t r e s s  relieved Z type photoetched 
copper interconnector,  
previous sect ions,  The pripe analysis  i s  broken down i n t o  th ree  basic  areas. 
The wraparound uses the  technique explained i n  
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* Total Fabrication Price 
Interconne 
Conventional 
$2.79 per c e l l  
$0-80 per  cell 
;or Type 
Wraparound 
$3.10 per  c e l l  
$0.95 per  c e l l  
$0.18 per cell 
$4-23 per  c e l l  
*The t o t a l  fabr ica t ion  pr ice  does not include the  c e l l  cost, 
cover cost ,  or cover laydown cos t ,  
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These areas a re  module fabricat ion,  which progresses from c e l l  matching 
t o  submodule s e r i e s  connection; submodule repair ;  and f i n a l  e l e c t r i c a l  
t e s t .  The pr ice  analysis  i s  a l s o  based on a 2 x 2 em c e l l  bas i s  and 
projects  the ac tua l  demonstration wraparound module fabr ica t ion  labor  
f igures  t o  a la rge  sca le  production s i tua t ion .  
The projected fabr ica t ion  pr ice  f o r  t he  wraparound interconnector concept 
i s  approximately 12% higher than f o r  t he  conventional interconnector 
concept. However, t h e  superior fa t igue  resis tance of t h i s  concept, as  
shown i n  Section 2.2, w i l l ,  i n  many instances provide impetus f o r  i t s  
u t i l i z a t i o n  r a the r  than the  conventionally interconnected system, 
i 
2.3.7 Second Demonstration Module 
A second demonstration module w i l l  be b u i l t  as pa r t  of t h i s  contract .  
A plan has been developed t h a t  would incqrporate wraparound interconnector 
design along with 1.3 m i l  ribbon g lass  covers and 1/2 m i l  polyimide ribbon 
substrates .  
module and has been submitted t o  JPL. 
A fabr ica t ion  plan has been made f o r  t h i s  gecond demonstration 
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Coverglass cost data comparing p l a t e l e t ,  in tegra l ,  and ribbon glass  
concepts ind ica te  t h a t  s ign i f icant  cost  savings f o r  large arrays would 
be real ized th ru  the  u t i l i z a t i o n  of e i t h e r  i n t eg ra l  or ribbon glass  
covers, ra ther  than conventional p l a t e l e t  covers. This data along with 
the  addi t ional  data presented i n  the  Second Quarterly Report concerning 
various p l a t e l e t  materials and coatings, provide a l l  t h e  cover cost  data 
needed t o  conduct tradeoff s tudies  t o  determine the most e f fec t ive  
coverglass system, f o r  a pa r t i cu la r  power system. 
Flexure/tensile test ing of arrays u t i l i z i n g  a number of d i f f e ren t  i n t e r -  
connected modules indicate  t h a t  wraparound interconnectors provide 
s igni f icant ly  grea te r  fa t igue  resis tance than conventionaL Z t a b  con- 
f igurat ions.  A module concept cal led the  ''laminated wraparound so la r  
c e l l  ma t r ix"u t i1 i zes  the  interconnector and subs t ra te  i n  such a manner 
tha t  module i n t e g r i t y  can be maintained without adhesives. 
t e s t s  of t h i s  concept ind ica te  t h a t  although it i s  l e s s  fa t igue  resis tan% 
than the  other wraparound czonmpb examined, it i s  on a par with the  best  
conventional Z t a b  configurations. 
\ 
Flexure/tensile 
The thermal cycling t e s t s  of t he  interconnector-sil icon bond indicates  
t ha t  the solder  i s  the  prime f a i l u r e  mechanism. Comparison of t yp ica l  
soldered vs t y p i c a l  u l t rasonica l ly  welded interconneetor systems showed t h a t  
the  u l t rasonic  technique provides marginally b e t t e r  fa t igue  resis tance 
under thermal cycling. 
The fabr ica t ion  of a 380 c e l l  demonstration module, u t i l i z i n g  wraparound 
interconnectors proved the  manufacturing f e a s i b i l i t y  of t h i s  concept. 
Manufacturing cost  information from t h i s  module was u t i l i z e d  t o  project  
cost data f o r  comparison t o  conventional Z t a b  manufacturing costs.  The 
s l i g h t l y  higher fabr ica t ion  costs f o r  the wraparound system i s  not 





A. The advanced wraparound interconnector design (with stress loops) 
should be used i n  fabr ica t ion  of a Demonstration Module. 
B. Studies of c e l l  design should be extended t o  include interconnectors, 
bonding techniques, and handling experiments for 4 m i l  t h i ck  s i l i c o n  
s o l a r  ce l l s .  
C. Studies of c e l l  design should be extended t o  include wraparound 
contacts and hence eliminate need f o r  wraparound interconnectors. 
D. Studies of metall ized polyimide interconnect designs should be 
extended t o  the wraparound contact type c e l l  t o  reduce weight and 
provide increased f l e x i b i l i t y .  
E. Manufacturing f e a s i b i l i t y  s tudies  should be extended t o  provide 
too l ing  and processes t h a t  w i l l  decrease a r ray  fabr ica t ion  coia%. 
5.0 N E W  TECHNOLOGY 
N/A 
